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FIGURES 


ie PW2 Drawdown 

2: OW2 Drawdown 

=f OW3 Drawdown 
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INTRODUCTION Big Sandy 


Energy Project 

Wikieup, Mohave 

This report summarizes analysis of pumping test data from a production well County, Arizona 

completed in the deep volcanic aquifer at the Big Sandy Energy Project site 

near Wikieup, Arizona. The pumping test was conducted to characterize the 

hydraulic properties of the aquifer and to determine its suitability for supplying 

water for a gas fired power plant over the 40-year anticipated life of the 

project. It is expected that the plant will require a water supply of 3000 

gallons per minute (gpm) for that period. 


Exploration of the area has identified three separate aquifers at the site: an 
Upper Aquifer consisting of the Upper Basin fill and Recent Stream and Flood 
Plain deposits; a Middle Aquifer consisting of the Lower Basin fill; and a deep 
volcanic aquifer referred to as the Lower Aquifer. 


Tight lakebed clays up to hundreds of feet or more in thickness separate the 
Upper and Middle Aquifers, ensuring their hydraulic separation throughout 
most of the area. In the vicinity of the pumping test, a thin volcanic layer (10 
feet thick) separates the Lower (volcanic) Aquifer from the Middle Aquifer. 
This thin layer apparently provides hydraulic separation of the Middle and 
Lower Aquifers in the test area. Some of the Lower Aquifer wells flow and 
have shut in pressures of nearly 100 feet of head, while the water levels in the 
Middle Aquifer wells are below land surface. 


Geologic mapping and hydraulic evidence suggest that the volcanic aquifer 
has limited areal extent, currently estimated to be about 57 square miles. The 
aquifer dips to the west and rises to the east toward its recharge area. The 
higher elevation of the recharge area accounts for the observed artesian 
pressure in the aquifer. 


PW2 was installed as the pumped well for the aquifer test. It is a 20-inch 
cased well with 12-inch screen set from 1135 feet to 1600 feet below land 
surface. Lower Aquifer observation wells monitored during the test included 
OW2, OW3 and OW4, located 200 feet, 4880 feet and 3150 feet, respectively, 
from the pumped well. Other observations wells used during the test 
included: 


1. Middle Aquifer Well OWMA2, located 200 feet from the pumped well 


2. Upper Aquitard Well OW8, located nearly a mile from the pumped 
well 
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3. Upper Aquifer Well OW7, about a half mile away Big Sandy 
: ; Energy Project 
4. Upper Aquifer Banegas Well, over one mile away Wikieup, Mohave 
5. Upper Aquifer Harris Well, over one and a half miles away adil ale 
6. Upper Aquifer Well OW1, over one and a half miles away 


Test pumping of PW2 began at 3:30 PM on September 11, 2000 and 
continued for 15,720 minutes (10.916 days). Following shutdown, water 
levels were monitored for an additional 14,139 minutes (9.819 days). The 
pumping rate initially was about 2000 gpm, but declined to around 1950 gpm 
by the end of the test. The average pumping rate throughout the test was 
1960 gpm. 


For a complete description of the site layout, geology, well construction and 
pumping test details, the reader is referred to the report entitled Water 
Resources of the Southern Portion of the Big Sandy Valley, Wikieup, Mohave 
County, Arizona by Manera, Inc. 


TIME-DRAWDOWN AND RECOVERY DATA 


Time-drawdown and recovery data from the pumped well and Lower Aquifer 
wells OW2, OW3 and OW4 were plotted on various graphs for analysis. This 
section presents several of the data plots and offers an interpretation of the 
pumping data response. 


It should be pointed out that the data from this test reflected a very different 
response than observed in most aquifer pumping tests. It is believed that there 
were two causes of the unusual hydraulic response. First, the lateral extent of 
the aquifer is fairly limited and, thus, boundary effects tended to dominate the 
pumping and recovery data. Second, the aquifer likely does not conform to 
“porous media” aquifer assumptions. 


In addition to weathered unconsolidated inter-bedded zones, the makeup of 
volcanic aquifers often includes major voids, passageways, joints, fractures 
and conduits along which preferential groundwater flow occurs. These 
openings can have enormous hydraulic conductivity and spread the influence 
of pumping very quickly. After initial drawdown response in the high 
permeability openings, water begins to move from the less permeable portions 
of the aquifer into the fractures. Thus the response to pumping is analogous 
to the “block and fracture” response hypothesized for fractured aquifers. 
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Both porous media and fractured rock analytical approaches were used to 
evaluate the test data. As described below, the pumping test results were 
consistent with a bounded aquifer having highly transmissive fractures 
connected to moderately transmissive blocks. 


Figures 1 through 4 show semilog time-drawdown graphs for the pumped well 
PW2 and observation wells OW2, OW3 and OW4, respectively. Figures 5 
through 9 show corresponding recovery plots for these wells. Figures 5 and 6 
both show recovery data from the pumped well; Figure 5 shows the complete 
data set while Figure 6 shows an expanded scale to make the slope of the data 
plot more readily discernable. 


Aquifer parameters were calculated following the conventional porous 
medium approach using the Cooper-Jacob equation. According to this 
method, transmissivity is calculated from the time-drawdown and recovery 
graphs using: 


_ 2640 
As 


ie 


and storage coefficient is calculated from the time-drawdown graphs as 
follows: 


Ail Dh 
r? 

where, 
hi = transmissivity, in gallons per day per foot (gpd/ft) 
S = storage coefficient 
QO = discharge rate, in gpm 
As = change in head over one log cycle of the graph, in feet 
to = the zero drawdown intercept of the straight line of best fit, in days 
r =distance from the pumped well, in feet 


The calculated parameters for each well are shown on the respective graphs. 
Inspection of the values suggests that the calculations provided erroneous 
results. The primary evidence of this is the set of values of calculated storage 
coefficient. They were not consistent from well to well, but decreased with 
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increasing distance from the pumped well. The very large value (0.33) Big Sandy 
obtained from OW2 strongly suggests the presence of a negative boundary. Energy Project 


Wikieup, Mohave 
County, Arizona 


Note also that the time-drawdown graphs for OW2, OW3 and OW4 were 
nearly identical, even though the range of distances from the pumped well 
spanned more than an order of magnitude. This response was consistent with 
all three wells penetrating the same high permeability fracture or joint system. 


The data suggest that the cone of depression expanded very rapidly during the 
test. Drawdown was observed in OW3, nearly a mile from the pumped well, 
within the first few minutes of pumping. Also, a flow reduction in Cofer Hot 
Springs, two and a half miles from the production well, was observed in 
response to pumping. Thus, it is possible that the cone of depression in the 
fractures could have reached the boundary limits of the volcanic aquifer within 
the first several hours of pumping. This would account for the steep slopes on 
the time-drawdown graphs, which subtly continued to increase throughout the 
test. 


A comparison of Figures 1 and 6 for the pumped well shows a steeper slope 
on the time-drawdown graph than on the recovery graph. The pumped well 
time-drawdown slope also was steeper than the slopes on the observation well 
time-drawdown graphs. Theoretically, all of these slopes should be identical. 
The steeper pumped well time-drawdown slope indicates a phenomenon seen 
occasionally in pumping tests and is usually caused by a gradual reduction in 
hydraulic conductivity around the well bore (well efficiency reduction) during 


pumping. 


DISTANCE-DRAWDOWN DATA 


Figure 10 shows a distance-drawdown-like plot of the observation well data. 
On this graph, distance has been plotted versus calculated recovery. 
Calculated recovery is determined as the difference between the actual 
remaining drawdown observed after pumping stopped and the drawdown, 
extrapolated from the time-drawdown graph, that would have resulted had 
pumping continued. Aquifer parameters from this graph were calculated as 
follows: 
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0.37t Big Sandy 
= Energy Project 
Wikieup, Mohave 
County, Arizona 


fe = transmissivity, in gallons per day per foot (gpd/ft) 

S = storage coefficient 

O = discharge rate, in gpm 

As = change in head over one log cycle of the graph, in feet 
t = recovery time, in days 

R =log-extrapolated radius of influence, in feet 


Note that the calculated transmissivity exceeded three million gallons per day 
per foot (gpd/ft) and the storage coefficient was about 10°, an impossible 
value. The low storage coefficient confirms the negative boundary while the 
high calculated transmissivity value suggests very highly permeable conduits in 
the volcanic aquifer. Keep in mind that the calculated value may not reflect 
the true transmissivity, because it was obtained by applying porous media 
methods to an aquifer that exhibits fractured rock response. 


EARLY-TIME RESPONSE 


An attempt was made to analyze early recovery data to try to avoid the effect 
of the negative boundary on the response data. To accomplish this, log-log 
plots were made of recovery versus time for OW2, OW3 and OW4, as shown 
on Figures 11, 12 and 13, respectively. Recovery data were used because the 
early data are immune to the effects of pumping rate variations, unlike early 
pumping data. 


Theis curve matching was applied to the early data to calculate aquifer 
parameters. Theis curve matching is performed using the Theis type curve — a 
plot of the Theis well function W(u) versus //u. Curve matching is 
accomplished by overlaying the type curve on the data plot and, while keeping 
the coordinate axes of the two plots parallel, shifting the data plot to align 
with the type curve, effecting a match position. An arbitrary point, referred to 
as the match point, is selected from the overlapping parts of the plots. Match 
point coordinates are recorded from the two graphs, yielding four values — 
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W(u), 1/u, s and t. Using these match point values, transmissivity and storage 
coefficient are computed as follows: 


14.6 
i g W(u) 
s 
_ Lut 
2693r° 
where, 
ie = transmissivity, in gpd/ft 
S = storage coefficient 
O = discharge rate, in gpm 
W(u) =match point value 


= match point value 
= match point value 
= match point value 
= distance from pumped well, in feet 


Se Se 


The results showed an average transmissivity of nearly three million gpd/ft, 
similar to the value obtained from the distance-recovery analysis. The average 
storage coefficient calculated from these graphs was just over 10°, a 
reasonable value. 


LATE-TIME RESPONSE 


Figures 14, 15 and 16 show linear plots of the time-drawdown data for OW2, 
OW3 and OW4, respectively. Quite significantly, these graphs showed a 
“straight line” or linear time-drawdown relationship over the last five days of 
pumping. The only way such a response is possible, whether applying porous 
media theory or fractured rock theory, is for the cone of depression to be fully 
expanded to the limits of the aquifer boundaries. An analogy is the water level 
response that would be observed when pumping a bathtub dry. These data 
plots confirm the rapid expansion of the cone of depression to the aquifer 
boundaries and the limited lateral extent of the aquifer. 
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AQUIFER EXTENT 


The linear rate of descent of the cone of depression was used along with 
storage coefficient estimates to approximate the lateral extent of the volcanic 
aquifer. This was done to see if observed data were consistent with the 
previously estimated aquifer area of 57 square miles. 


The storage coefficient of an aquifer includes two components: S\,, associated 
with expansion (decompression) of the water in the aquifer during pumping, 
and S, associated with elastic contraction of the aquifer skeleton in response 
to water pressure reduction caused by pumping. For groundwater at 96 
degrees Fahrenheit, 2.32 feet of water exerts a pressure of | psi and, thus: 


PeenG 
Pa 2376s 
where, 
Sw = storage coefficient component caused by water expansion 
n = aquifer porosity (assumed to be 0.10) 
b = aquifer thickness (assumed to be 500 feet) 
le = compressibility of water (323,000 psi at prevailing temperatures) 


Using these inputs, S,, equals 6.7 x 10°. Generally, S;is substantially greater 
than S,, typically one half to one order of magnitude or more. Thus, a 
reasonable range for the aquifer storage coefficient might be expected to be 
approximately 4 x 10“ to 1.2 x 10°. 


An expression relating aquifer area to storage coefficient was developed using 
the observed rate of decline of water levels during late pumping and the 
observed rate of water level rise during late recovery. The late-time rate of 
decline was determined to be 0.318 feet per day from Figures 14 through 16. 
Figures 17, 18 and 19 show linear plots of recovery data for OW2, OW3 and 
OW4, respectively. The rate of recovery at the end of the measurement 
period was estimated from the graphs to be 0.103 feet per day. 


In developing this analysis, a simplifying assumption was made of a constant 
recharge rate to the aquifer during pumping and recovery. Prior to the 


Aquifer Test 
Analysis 


Big Sandy 
Energy Project 
Wikieup, Mohave 
County, Arizona 


Jea1 vatiupA 
zizylans 


you ene 
noes apiad 
witwh. onal 
ais yun 


‘iv oyole Geaw zew aolaeoiqsb Yo ono off Yo inesesh to: o9a7 Y 
ouingloy oda Wo tote lepetal onl smunboonane Of 2zismites Inge 
i ithw coteanes new atsb bersao H ase or snob acer aid 
aolin staupa Té To naw ries botamise ylege 


Deraricmeesr a , en ee oust cobudani *9)i A MB to JaiiPos « 
uniqane mit horiagaes oi] o1 aw wil to (aeinaineeb) mtd 
won. oO] otinlsss witness aft lo rotinerton cfealeuBiw he eine all 
‘ie pote diame vw! soapy ye beanes aolinghay 2 

svih tne 2qQ 1 To summon 5 atoxs wit Wy jad CED fsdaewlets 


a 


7 a 


Ay 


ets 


(MOwNAGES Wlkw YI bogs ihphagneyy insiyibssa agewrR ~ 

(54 0 sf 0) Domus) yOIOT ups = 

(tost ODF od o)-bonmueda) esate) whips = 

(eauisvoqril yo linveng 18 mq OOF ECT) wiew lo yiilideesiqrais = 


testy lsnenitthe ei, vikoweD “Ol « 0.2 eleypo .2 2tognl endigall 
s gilt «yom Yo sbhulingem Wo sobw ono of ‘ied ono vlog 22 
of 0) bataayee od igi InoiniMego yews rtmpa oc wot apna oid 

OL x S190 a he 


aniey heqalaveb yay: idsiniens ogeioie of ssa wtiups gncaler 
ait} bad -aerqyauq Stel gniied yoeed isi To enilesb to ohn 
payne tpn fevost) eiel goin) sah level wtew to stay t 
a | emugtt cath yeh rag reel 916.0 9 03 boniemeteb 
SH) md rave W wc ai yoda I bn BLL 


DSSA-~ 


David Schafer & Associates Aquifer Test 
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pumping test, there was no net recharge to the aquifer. The volume of water Big Sandy 
recharging the aquifer was presumably offset by the volume of water Energy Project 


Wikieup, Mohave 


discharging to springs, seeps and adjacent aquifers. During pumping and euniy Avec 


recovery, the lowering of the water levels in the aquifer would be expected to 
reduce groundwater outflow (and possibly increase groundwater inflow). 
This net recharge caused by the pumping test was assumed to occur at a 
constant rate, Qin. This is clearly an over-simplification and, therefore, makes 
the following analysis only approximate. The analysis is, nevertheless, 
worthwhile to provide a reality check on the estimated aquifer area. 


During late pumping time, applying the definition of storage coefficient gives 
the following: 


and during late recovery time: 


where, 

S = storage coefficient 

O = pumping test discharge rate 

Oin = net flux into aquifer caused by pumping 

A = area of aquifer 

d = rate of descent of water level during late pumping time 
r = rate of rise of water level during late recovery time 


Solving these two equations for A yields: 
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Expressing A in square miles and Q in gpm: Big Sandy 


Energy Project 
Wikieup, Mohave 
County, Arizona 


9192.50 
5280° S(d +r) 


Using this last equation, a graph was made of A as a function of S and is 
shown on Figure 20. As indicated, reasonable estimates for storage 
coefficient placed the estimated aquifer area between approximately 25 and 80 
square miles, in good agreement with initial estimates. Even though the 
foregoing analysis can only be expected to yield approximate results, it 
provides additional confidence that previous estimates of aquifer size are 
reasonable. 


LINEAR FRACTURE ANALYSIS 


A simplified fracture analysis method was applied to the drawdown data to 
provide additional information on aquifer properties. According to Jenkins 
and Prentice (Ground Water, January-February 1982), the drawdown in 
observation wells penetrating the same pumped fracture can be approximated 
by: 


IN aTS 
where, 
O = discharge rate, in cubic feet per day 
ib = fracture length, in feet 
fi = transmissivity, in square feet per day 
S = storage coefficient 
i = pumping time, in days 


This relationship implies that a plot of drawdown versus the square root of 
time will be a straight line with slope, m, as follows: 
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Time-drawdown data from OW2, OW3 and OW4 were plotted versus the 
square root of time and are shown on Figures 21, 22 and 23, respectively. 
The average slope from these graphs was determined to be 8.17 feet per 130 
minutes’, or 2.38 feet per day’”. Converting the units of the discharge rate 
of 1960 gpm yields 377,300 cubic feet per day. To determine a fracture 
length to use in the above equation, it was assumed that the fracture spanned 
the entire aquifer domain. Thus, a fracture length of 39,860 feet was used in 
the equation. This is the length dimension of a square having an area of 57 
square miles, the presumed size of the aquifer. Finally, from Figure 20, the 
storage coefficient corresponding to an aquifer area of 57 square miles is 5.6 x 
lO 


Inputting these values into the expression for 7 yielded a value of 8990 square 
feet per day, or 67,300 gpd/ft. This value can be thought of as approximating 
the transmissivity of the “blocks” of aquifer material, which, in turn, are 
connected to more highly transmissive fractures. The block transmissivity 
value may help explain the relatively modest specific capacity of the pumped 
well. PW2 was pumped at 1960 gpm with 151 feet of drawdown making the 
specific capacity only 13 gpm per foot of drawdown. This value is very low 
compared to the fracture transmissivity values obtained from the pumping test 
analysis, but is in line with expected well yields based on the block 
transmissivity value. (Note that the block transmissivity varies as the inverse 
square of the fracture length and, thus, a wide range of values could be 
obtained for different assumptions of fracture length.) 


INTERCONNECTION OF AQUIFERS 


Part of the objective of the pumping test was to evaluate the inter-connection 
between the Lower Aquifer and the Middle and Upper Aquifers. To that end, 
water levels were monitored in several Middle Aquifer, Upper Aquitard and 
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Upper Aquifer wells as mentioned earlier. Only pumping data were available Big Sandy 
from most of the wells. Plots of time-drawdown data from these wells are Energy Project 


Wikieup, Mohave 


available in the Manera, Inc. report. A brief summary of the response of each County, Mlzons 


of the monitored wells follows. 


Middle Aquifer well OWMA2 (200 feet from PW2) 
Water levels in OWMA2 rose steadily throughout the pumping period about 


half a foot. This could be either a continuation of a pre-pumping water level 
trend or an indication of poroelastic response to pumping (the so-called 
Noordbergum effect). The lack of a reversal of the upward water level trend 
shows hydraulic separation of the middle and lower aquifers at this location. 


Upper Aquitard well OW8 (less than one mile from PW2) 


Water levels in OW8 trended upward slightly with a couple of unexplained 
upward steps or discontinuities. The data showed no hydraulic connection 
between the Upper Aquitard and the Lower Aquifer. 


Upper Aquifer well OW7 (one half mile from PW2) 
Water levels in OW7 showed no significant response to pumping. 


Upper Aquifer Banegas well (over one mile from PW2) 


Water levels in the Banegas well showed no response to pumping PW2. 
During the pumping period, water levels rose about an inch and then declined 
about an inch and a half, continuing a sinusoidal pattern observed prior to the 
pumping test. 


Upper Aquifer well OW1 (over one and one half miles from PW2) 


Water levels in OW1 declined about one half inch at a steady rate during the 
pumping test. 


Upper Aquifer Harris well (over one and one half miles from PW2) 


Water levels in the Harris well declined approximately two inches at a steady 
rate during the pumping test. 


As a group, these wells did not show a consistent response to pumping Lower 
Aquifer well PW2. Keep in mind that it is not necessary to pull the Lower 
Aquifer water levels below levels in the overlying aquifers to induce a 
hydraulic response. If a sufficient hydraulic connection existed between the 
Lower Aquifer and Middle Aquifer, for example, pumping the Lower Aquifer 
could induce drawdown in the Middle Aquifer, even if water levels in the 
Lower Aquifer were higher than those in the Middle Aquifer. This is because 
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Analysis 
pumping the Lower Aquifer would disturb the equilibrium between the Big Sandy 
aquifers, thereby reducing the pre-existing rate of groundwater flux from the Energy Project 


Wikieup, Mohave 
County, Arizona 


Lower Aquifer to the Middle Aquifer. 


The lack of a discernable hydraulic response between the Middie and Lower 
Aquifers places an upper limit on the possible vertical hydraulic conductivity 
of the aquitard separating them. Obtaining this limiting value analytically is 
extremely difficult. It is best determined via numerical modeling. For 
example, the vertical hydraulic conductivity of the aquitard can be increased 
systematically during model calibration until a “measurable” response in the 
unpumped aquifer is predicted by the model. The actual vertical hydraulic 
conductivity of the aquitard then must be below this threshold value. 


The only possible exceptions to the lack of response to pumping PW2 were 
the water level trends observed in OW1 and the Harris well. Water levels in 
both of these wells declined slightly in a uniform fashion during pumping, not 
unlike what would be expected if there were a hydraulic connection between 
the Upper and Lower aquifers. To evaluate this response, a comparison was 
made of the pumping response in these wells and background data recorded 
prior to and after pumping. 


Figure 24 shows a hydrograph for the Harris Well starting on May 30 and 
continuing until October 2, 10 days after shut down of PW2. The hydrograph 
showed a clear downward water level trend throughout the entire monitoring 
period. Note that data recorded during pumping (September 11 through 22) 
and recovery (September 22 through October 2) showed no deviation from 
the overall background trend. Thus, the gradual water level decline observed 
during the pumping test simply reflected the background water level decline 
already in progress. These data demonstrate hydraulic separation of the 
Lower and Upper aquifers in the vicinity of the Harris Well. 


Figures 25 and 26 show manually recorded water levels in Upper Aquifer 
wells OWI and the Salazar Well, located just 400 feet from OW1. The 
Salazar Well was monitored during the month of August whereas OW1 was 
monitored during the 21 days of pumping and recovery of PW2, from 
September 11 until October 2. The manual measurements were recorded to 
the nearest tenth of a foot, resulting in rather uneven data plots. Nevertheless, 
it was possible to discern a gradual decline in water levels in this area of the 
Upper Aquifer for the entire monitoring period from August to October. 
Thus, the observed decline in water levels in OW1 during the pumping test 
was likely a result of the overall background trend rather than a response to 
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pumping PW2. Also, inspection of Figure 25 did not show a clear water level Big Sandy | 
decline followed by a water level rise in response to pumping and recovery of Energy Project 


Wikieup, Mohave 
County, Arizona 


PW2. Thus, the data from OW1 and the Salazar Well support the thesis of 
hydraulic separation of the Upper and Lower aquifers in this area of the site. 


It also has been hypothesized that the Lower Aquifer might be in hydraulic 
communication with an underlying unit termed the Arkosic Gravel, a highly 
transmissive and laterally extensive formation. However, the pumping test 
data were not consistent with this idea. 


Inspection of the time-drawdown graphs on Figures 2, 3 and 4 shows that the 
slopes of these plots increased continuously with time. Expansion of the cone 
of depression into a laterally extensive aquifer would have resulted in 
stabilized slopes and, thus, the ever-increasing slopes suggest a laterally 
limited aquifer. 


Similarly, the /inear drawdown plots on Figures 14, 15 and 16 showed 
stabilized slopes, consistent with a laterally limited aquifer. Expansion of the 
cone of depression into a laterally extensive aquifer would have resulted in a 
gradual flattening of these slopes. 


Finally, the recovery data plotted on Figures 6, 7, 8 and 9 show an 
extrapolated trend that would leave the recovered levels below the original 
static water level. This is often an indication that the cone of depression has 
reached the aquifer boundaries during pumping. Thus, the pumping and 
recovery data were consistent with pumping from an areally limited aquifer. 
This implies that the Arkosic Gravel is either limited in areal extent or 
hydraulically separated from the Lower Aquifer. 


NO POROSITY DATA 


It is important to point out that the pumping test does not provide (and cannot 
provide) any information on the porosity of the aquifer. The two key aquifer 
characteristics that determine the volume of water stored in the volcanic 
aquifer are areal extent and porosity. While the pumping test data were able 
to support confirmation of the approximate size of the aquifer, there is 
unfortunately no way to obtain porosity information from the test results. 
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CONCLUSIONS 


The following conclusions can be drawn from the pumping test data analysis. 


1. 


The aquifer response to pumping exhibited characteristics of both 
porous media response and fractured aquifer response. 


Hydraulic response was consistent with either a highly transmissive 
porous media aquifer or a fractured aquifer with highly transmissive 
fractures and moderately transmissive blocks. 


_ Most of the pumping response reflected the effects of aquifer 


boundaries. 


A reasonable estimated range of storage coefficient is about 4 x 10° to 
ome 


The hydraulic response to pumping was consistent with an aquifer 
having an area of approximately 25 to 80 square miles. 


Hydraulic response was equivalent to what would be expected from a 
laterally limited porous media aquifer having a transmissivity in excess 
of 10° gpd/ft and a storage coefficient around 10°. It is also consistent 
with a fractured rock aquifer having fracture transmissivity over 10° 
gpd/ft and block transmissivity of 67,000 gpd/ft. 


Linear drawdown response during the last several days of pumping 
indicated that the cone of depression was fully developed throughout 
the entire lateral extent of the aquifer. 


. The efficiency of the pumped well appeared to decline somewhat 


during pumping. 


9. The data suggest that the Lower Aquifer is hydraulically separated 


from the Middle Aquifer and Upper Aquifer. 


10. The data suggest that if the Arkosic Gravel is laterally extensive, it is 


not in hydraulic communication with the Lower Aquifer 
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